. Effect of reagents on the oxidation of dihydroxyfumarate and the hydroxylarion of pcoumaric acid by horseradish peroxidase
The reaction mixture contained, in a total volume of 1.00m1, enzyme, p-coumaric acid (2.5pmol), dihydroxyfumaric acid (30pmol), KH2P04 (8.3pmol ) and sufficient KOH to adjust the pH to 6. Incubations were carried out for 0.5h at 25°C and caffeic acid production was assayed as described by Halliwell(l975) . 100% corresponded to a rate of 60nmol of caffeic acid formed in 0.5h. Oxidation of dihydroxyfumarate was followed by the decrease in E300 (althoughp-coumaric acid also absorbs light at 300nm, very little is used up during a 30min incubation). Samples (10~1) were removed from the reaction mixture at intervals, added to lOml of water and the absorbance recorded at once. Units of superoxide dismutase were as described by McCord & Fridovich (1969 
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BIOCHEMICAL SOCIETY TRANSACTIONS in the biosynthesis of lignin (Stafford, 1974) , in which hydroxylation of p-coumaric acid to caffeic acid is an important step, we have studied hydroxylation of pcoumaric acid by the peroxidase-dihydroxyfumarate system. Table 1 shows that this hydroxylation is completely inhibited by catalase. It is also stopped by superoxide dismutase and by the metal ions Cu2+ and Mn2+, which can react with the superoxide radical (Oz-) under these conditions (Rabani et al., 1973; Lumsden & Hall, 1975) . Oxidation of dihydroxyfumarate in these reaction mixtures was severely inhibited by catalase (in agreement with the results of Swedin & Theorell, 1940) , but only slightly inhibited by Cuz+ or superoxide dismutase and actually stimulated by Mn2+. It is therefore clear that, except for catalase, inhibition of hydroxylation by these reagents could not be attributed to an inhibition of dihydroxyfumarate oxidation. Scavengers of the hydroxyl radical ('OH), such as formate, mannitol, ethanol and Tris (Fridovich, 1974; Paschen & Weser, 1975 ) also inhibited hydroxylation much more effectively than they inhibited dihydroxyfumarate oxidation ( Table 1 ) .
The initial stage of the oxidation of dihydroxyfumarate in this system is a simple peroxidase reaction which requires H20z and so is inhibited by catalase (Yamazaki & Piette, 1963) . The effects of superoxide dismutase and Cu2+ indicate that 02'-also plays a small role in this oxidation. This 02'-appears to be essential for the hydroxylation of p-coumaric acid ; hence the complete inhibition by superoxide dismutase, Mn2+ and Cu2+. Mn2+ reacts with 4 ' -to give Mn3+ (eqn. 1):
Mn3+ increases the rate of dihydroxyfumarate oxidation but probably changes the mechanism of this reaction (see Yamazaki & Piette, 1963) .
Oz'-breaks down to give H202 (eqn. 2) which can react with a further molecule of Oz'-to give 'OH (Fridovich, 1974: eqn. 3) MnZ+ + Oz'-+ 2H+ .+ Mn3+ + H20z
( 1 ) 02*-+02*-+2H+ + HzOz+Oz (2)
HzOz + 0 2 ' -+ 0 2 + OH-+ 'OH
